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ABSTRACT
We present a new strategy to optimise the electromagnetic follow-up of gravi-
tational wave triggers. This method is based on the widely used galaxy targeting
approach where we add the stellar mass of galaxies in order to prioritise the more
massive galaxies. We crossmatched the GLADE galaxy catalog with the AllWISE cat-
alog up to 400Mpc with an efficiency of ∼93%, and derived stellar masses using a
stellar-to-mass ratio using the WISE1 band luminosity. We developed a new grade to
rank galaxies combining their 3D localisation probability associated to the gravita-
tional wave event with the new stellar mass information. The efficiency of this new
approach is illustrated with the GW170817 event, which shows that its host galaxy,
NGC4993, is ranked at the first place using this new method. The catalog, named
Mangrove, is publicly available and the ranking of galaxies is automatically provided
through a dedicated web site for each gravitational wave event.
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1 INTRODUCTION
Gravitational waves from binary neutron star (BNS)
coalescence, in association to short gamma-ray burst,
opened a new era of multi-messenger astronomy. The
event of the 17th august 2017 was a real breakthrough
for the multi-messenger astronomy. For the first time, an
electromagnetic counterpart of a gravitational wave was
observed (Abbott et al. 2017a). The association with a
gamma ray burst (GRB) detected by Fermi-GBM a few
seconds after the coalescence provides the first evidence of a
link between BNS merger and short gamma ray burst. The
huge effort of ground telescopes follow-up in association to
the relative small volume of this event localisation in the
sky, allowed the identification of the GW electromagnetic
counterpart. The multi-wavelength observations improved
our understanding of the physics of strong-gravity and put
some constraints on astrophysical models related to matter
during the merger and post-merger phase. A first constraint
of the speed of gravitational waves and violation of Lorentz
invariance has been determined from this event (Abbott
et al. 2017c). Both kilonova and afterglow observations pro-
vide information about the neutron star equation of state,
energy of the ejecta, merger remnant, ambient medium and
so on (Metzger 2019; Abbott et al. 2018c; Hajela et al. 2019;
Gill et al. 2019). Such event also provide a new independent
derivation of the Hubble Constant (Abbott et al. 2017b;
Coughlin et al. 2019a; Hotokezaka et al. 2019).
The third LIGO-Virgo run (O3) started the first of April
2019 and multi-messenger astronomy related to gravita-
tional waves with it. With improved sensitivity of the
LIGO-Virgo detectors, the year-long third observing run
(O3) has already brought his share of merging binaries
and promises many more of them. Therefore an intensive
multi-wavelength follow-up of those events with ground and
space instruments is performed all around the world. But
the identification of the electromagnetic counterpart of such
event is very challenging knowing the wide sky localization
area provided by LIGO-Virgo (which can span more than
1000 deg2 ) and require complex observation strategies.
Many efforts were done recently to optimise the observations
for these large sky areas (Ghosh et al. 2016a; Coughlin et al.
2019b). For large field of view (FoV) telescope the standard
approach consists in observing the localisation error box
provided by LIGO-Virgo (Singer & Price 2016; Veitch et al.
2015) using an optimised tiling of the sky (Coughlin et al.
2018). In such standard strategy, the scheduling of the tile
observation is provided by the 2D probability distribution
from LIGO-Virgo skymaps.
As suggested by (Gehrels et al. 2016) more recent works
tried to include galaxies population to the strategy (Arcavi
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2et al. 2017; Antolini et al. 2017; Rana & Mooley 2019). Such
developments allow to use the 3D probability distribution
from the LIGO-Virgo skymap (and not only the 2D prob-
ability) to produce a ”galaxy weighting” rank for the tiles.
It also allows to provide a scheduling of observation for
narrow FoV telescopes. Indeed, with such information we
can provide a list of interesting galaxies (i.e. ranked by their
3D position probability inside the LIGO-Virgo skymap) to
be observed by these small FoV telescopes. To allow the
use of information related to galaxies, one must rely on a
galaxy catalog that is sufficiently complete compared to
the interferometers sensitivity range. The current binary
neutron star range is at 130 Mpc for LIGO Livingston, 110
Mpc for LIGO Hanford, and 50 Mpc for Virgo (Abbott et al.
2018a). The CLU catalog (Cook et al. 2019) for the north
hemisphere contains the WISE1 luminosity information as
well as spectroscopic measurement of local galaxies, how-
ever it is non publicly available. Therefore, for the purpose
of our work, we rely on the publicly available GLADE
galaxy catalog (Da´lya et al. 2018) which is all-sky and
complete up to 100Mpc, and nearly complete up to 150Mpc.
Given the large size of error boxes, the number of
galaxies compatible with an event can be very large (>few
thousands). In such cases, the classification using the 3D
probability only is limited because it will produce similar
values for a large number of galaxies. Adding galaxy prop-
erties to the ranking is a way to reduce the sample size of
interesting galaxies. Among the various galaxies properties
that could influence the rate of BNS merger, such as star
formation rate (SFR), stellar mass and metallicity, several
works pointed out a significant dependence to the stellar
mass (Artale et al. 2019; Toffano et al. 2019; Mapelli et al.
2018). Furthermore, short GRB host galaxies are known
to be associated to BNS merger since GW170817, and are
found in massive galaxies. The short GRB host galaxies are
more massive than the long GRBs host galaxies, pointing to
the importance of the stellar mass in determining the rate
of short GRBs (Leibler & Berger 2010; Fong et al. 2013;
Berger 2014). So far, the only one known (by gravitational
waves) host galaxy of BNS merger is NGC4993 from
GW170817 event. This galaxy present a very high mass and
a low star formation rates (Im et al. 2017; Blanchard et al.
2017; Hjorth et al. 2017; Levan et al. 2017; Pan et al. 2017).
The host galaxy of GRB150101B presented as a analogue
of GRB170817A (Troja et al. 2018) is also a vary massive
galaxy. In the light of those information we chose to focus
on the stellar mass for the selection of gravitational waves
host galaxy candidates.
In Section 2, we describe the general galaxy targeting
approach and the new formulation we propose to include
the stellar mass information. In the Section 3 we describe
the crossmatch between the GLADE and AllWISE catalogs
and the stellar mass estimation as well as an estimation of
the completeness of the resulting Mangrove (Mass Asso-
ciatioN for GRavitational waves ObserVations Efficiency)
catalog in terms of stellar mass. In Section 4 we test our
method on the GW170817 event. In Section 5 we discuss
future development of this method for wide field of view
telescopes. Throughout this paper, we use the Plank 2015
cosmological parameters (Planck Collaboration 2016).
2 GALAXY TARGETING METHOD
In this section, we first describe the standard galaxy ap-
proach using the 3D localisation of the GW skymap, and
then we propose a new formulation of the grade used to rank
galaxies in order to include the stellar mass information.
2.1 Standard approach
In case of a gravitational wave event, LIGO-Virgo rapidly
releases a probability skymap based on the distance and two
dimensional localisation of the event allowing to constrain
the region of the sky to search for the GW electromagnetic
counterpart (Singer & Price 2016). With such skymap we are
able to fetch the probability density per unit of volume at a
given position (Singer et al. 2016). This is used to infer the
probability of a given galaxy to be the host of the merger
according to its celestial position Ppos with the following
relation:
Ppos = PdV =
Ppixel
Pixel area
Npixel e
− 12
(
Dgalaxy−µpixel
σpixel
)2
(1)
Where Ppixel is the 2D probability included in the given
pixel, Npixel is the normalisation factor for the given pixel,
µpixel is the mean distance value at the given pixel, σpixel
is the standard deviation at the given pixel and Dgalaxy
is the luminosity distance of the galaxy fetched from the
galaxy catalog. The outputs of the LIGO-Virgo localization
pipelines are HEALPix (Hierarchical Equal Area isoLatitude
Pixelization) all-sky images, the skymap we are dealing with
is composed of pixels defined by the HEALPix (Go´rski et al.
2005) format.
For the selection of the galaxies, we classified as ”compatible”
with the skymap, a galaxy which fulfills the two following
conditions:
• Its 2D position in the sky as to be in the 90% of the 2D
skymap probability distribution.
• Its distance has to fall within the 3 sigma distance error
localization at the given pixel of the galaxy.
With such conditions we ensure that telescopes will not
point outside of the 90% skymap probability distribution.
The conservative choice of 3σ on the distance constraint
is motivated by the fact that galaxies with a low distance
probability will be always penalised in the ranking process.
Regarding the condition on the distance, we use the pixel
by pixel information and not the mean distance estimation
for the LIGO-Virgo candidate, as in the approach adopted
by (Arcavi et al. 2017). This is more efficient because the
distance estimation can be very inhomogeneous in a given
skymap. The figure 1 shows the distribution pixel by pixel
of the mean distance µ and the standard deviation σ inside
the the 90% of the 2D skymap probability distribution for
the S190425z candidate during the O3 run. This example
of a BNS candidate shows that for a large portion of the
skymap the µ and σ at a given pixel are far away from the
mean distance evaluation for the whole skymap (155± 45
Mpc in this case). Using pixel by pixel information prevents
to dismiss compatible galaxies or select incompatible ones.
One of the main advantage of the galaxy targeting is to
reduce the amount of observations necessary to cover a
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Figure 1. The top plot show the probability distribution for the
BNS candidate S190425z of O3. The middle and bottom plot
are respectively the mean distance and its standard deviation
distributions for the pixels inside the the 90% of the 2D skymap
probability distribution
given skymap.The figure 2 shows the result of the galaxy
targeting for GW170817 with a standard field of view of 20
arcmin. A large part of the skymap is not worth observing
because it does not contain any compatible galaxies. A total
of 44 pointing are needed to observe all galaxies compatible
with the 90% skymap whereas it would have required
144 tiles to cover the entire 90% skymap, which results on
significant gain of observational time allocation and revisits.
In such a standard strategy only the 3D position of
the galaxy is used, and a more advanced strategy is to
include physical properties of the galaxies such as the stellar
mass as the host galaxy of BNS counterparts are likely to
be found in massive galaxies.
2.2 Grade reformulation with stellar mass
In this section, we describe how to take into account the
stellar mass information in the galaxy ranking process, in
order to prioritize massive galaxies. We introduce a new term
Gmass defined as:
Gmass =
M∗,galaxy∑
M∗,galaxy
(2)
where M∗,galaxy is the stellar mass of a given galaxy and
the sum is over all of the galaxies compatibles with a given
skymap (see 2 for the definition). This We first combine this
term to the standard grade defined in equation (1) for each
Figure 2. Skymap of GW170817. The dashed and the solid line
enclose respectively the 50% and the 90% of the skymap. The
green squares represent the pointing of a telescope with a field
of view of 20’. The red color scale show the grade of the galaxies
according to (3). The black arrow show the position of the GW
host galaxy, NGC 4993.
galaxy computing the product as:
Gtot = Ppos × Gmass (3)
The equation (3) is proposed to fit with (Arcavi et al. 2017)
expression to allow a direct comparison of the results (see
Section 4), but the drawback of this expression with a simple
product is that galaxies for which no stellar mass is available
are simply not considered. In order to keep galaxies without
stellar mass information, and still use their 3D localisation
probability, Ppos from equation (1), we propose to redefine
the grade defined in equation (3) as:
Gtot = Ppos (1 + αβGmass) (4)
where α and β are positive real parameters. With such def-
inition, Gmass is set to 0 when the stellar mass information
is not available to fall back on Ppos. The parameter α is
defined such that the two terms in equation (4) contribute
equally to the total grade, Gtot :∑
Ppos
N
=
∑
Ppos αGmass
N
(5)
⇒ α =
∑
Ppos∑
Ppos Gmass
(6)
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4where N is the total number of galaxies compatible for a
given skymap having a determined stellar mass, and the
sum is also over all galaxies compatible for a given skymap
having a determined stellar mass. The parameter β is used
to weight the importance of Gmass in the total grade, it
is skymap independent. Ideally, β should be fitted on a
statistically significant sample of gravitational wave host
galaxies, but as only one event has been detected so far, we
simply chose to put β equal to one.
Previous works (Arcavi et al. (2017); Salafia et al.
(2017)) chose to include an other factor of the grade which
describe the likelihood to detect the counterpart according
to limiting magnitude of the observing telescope and the
expected magnitude of the source. Such factor can be added
to the expression (3) and (4) if needed. We choose not to
develop such strategy because first the limiting magnitude
of a telescope can vary a lot between two observations
(seeing, horizon...) and secondly only one detection of
gravitational wave electromagnetic counterpart has been
achieved at the moment, so only one one set of data
describing the expected kilonova lightcurve is available and
assuming a standard lightcurve on a single object could be
risky.
The reformulation of the grade presented here is inde-
pendent of the method used to determine the stellar mass
of galaxies. In section 3 we present the method we have
chosen to follow to obtain the stellar mass of galaxies in
a homogeneous way for a catalog over the whole sky. The
resulting catalog is fully publicly available as described in
section 5
3 ADDING STELLAR MASS TO GLADE
CATALOG
In this section we aim at adding the stellar mass for the
GLADE galaxy catalog. In the first part, we describe how to
derive the stellar mass from the WISE1 band luminosity. In
the second part we study the completeness of the Mangrove
catalog resulting from the crossmatch between GLADE and
AllWISE catalogs.
3.1 WISE1 band as a prob of stellar mass
Homogeneity in the stellar mass estimation is crucial for our
purpose as it is used to rank the galaxies. Unfortunately, the
GLADE galaxy catalog we rely on provides the B, J, H and
K band magnitudes for some of the galaxies but not the
stellar mass. We did not chose to compile the stellar masses
from various works for homogeneity reasons as it would bring
systematics in the ranking process due to possibly quite dif-
ferent methods in the stellar mass estimation. Previous work
(Arcavi et al. 2017) used the B band magnitude as an indi-
cator of the stellar mass. However, the B band is sensitive to
the star formation history and can be strongly affected by
dust extinction (Cardelli et al. 1989; Fitzpatrick & Massa
2007). The near-infrared luminosity emitted by the old stel-
lar population is fairly insensitive to dust extinction, and
is thus considered as a reliable indicator of the total stellar
mass of a galaxy (Bruzual & Charlot 2003; Maraston 2005).
Figure 3. Angular separation condition used for the crossmatch
as a function of the distance. The red dashed line show the limit
value of 3 arcseconds.
In our work, we restrict the distance to 400Mpc as it is
reasonably above the limiting sensibility distance of LIGO-
Virgo for binary neutron star merger with O3 sensibility
(Chen et al. 2017). Up to 400 Mpc, there are only ∼67%
of the galaxies with a K band magnitude in the version 2.3
of the GLADE catalog. As showed by (Kettlety et al. 2018;
Norris et al. 2014), the WISE1 (3.4 µm) luminosity is a re-
liable indicator of the stellar mass, moreover the AllWISE
catalog (Cutri & et al. 2014) has the advantage to be an
all-sky catalog. Therefore we made the choice to perform a
crossmatch between the GLADE and the AllWISE catalogs
to derive a reliable stellar mass estimation.
From WISE1 luminosities, (Kettlety et al. 2018;
Norris et al. 2014) showed that the stellar mass of
galaxies can be reliably estimated with a constant
mass to light ratio: Υ
3.4µm
∗ ∼ 0.60M/L,3.4µm where
M/L,3.4µm is the mass-to-light ratio in units of solar
masses over the solar luminosity in the WISE 3.4µm
band (m, 3.4µm = 3.24mag; L, 3.4µm = 1.58 × 1032ergs−1;
(Jarrett et al. 2013)). This approach derives stellar mass
with an error of 0.10 dex (Kettlety et al. 2018; Norris et al.
2014). Although the value of Υ
3.4µm
∗ can vary from ∼0.5 to
∼0.65 in the literature, this results on small changes on the
derived stellar mass and will not affect the ranking of the
galaxies as it is a constant ratio.
We spatially crossmatched the GLADE catalog cut to
400Mpc with the AllWISE catalog using a radius cross-
match varying with the distance as seen in Figure 3.
The radius is defined as 5% the angular diameter of the
milky way (0.0324 Mpc) and we impose a minimum and
maximum of 3 and 20 arcseconds respectively. This strategy
was chosen to optimize the match at low distance where
galaxies can have very large angular size. A same AllWISE
object can appear more than once in the preliminary
crossmatched catalog, meaning that there is more than
one GLADE galaxy around the given AllWISE object. For
such case, knowing the angular resolution of the WISE
telescope in the WISE1 band (6.1 arc seconds), we only
kept the closest object if it is the only one in a radius of
6.1 arc seconds around the GLADE galaxy. The presence
of an AGN implies a significant emission in the infrared
and near-infrared (Ruiz et al. 2013; Burtscher et al. 2015;
Sanders 1999), and thus biased our stellar mass estimation
for such galaxies. We identify active galactic nucleus (AGN)
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from the resulting catalog using the mid-infrared color
criterion W1 −W2 ≥ 0.8 as used in (Stern et al. 2012; Assef
et al. 2018). This corresponds to 3346 galaxies, that are still
present in the catalog but without stellar mass estimation.
We use the elliptical aperture photometry flux from ALL-
WISE catalog whenever available for the source, otherwise
the profile fitting photometry is used. This ensures that
these fluxes should encompass each galaxy full radial
extent. At the end we obtain the stellar mass information
for 743780 objects, knowing that GLADE catalog cut to
400 Mpc have 800986 galaxies we have a ∼ 93% of match
efficiency.
Before the conversion of WISE1 magnitudes to stellar
masses using the mass-to-light ratio provided by (Kettlety
et al. 2018), we apply a K-correction to correct for the dis-
tance. We use 31 SED templates covering all known type
of galaxies, from red elliptical to blue star-forming galax-
ies (Ilbert et al. 2009). We compute the K-correction both
without dust attenuation and with E(B − V)=0.5 mag us-
ing the Calzetti attenuation law (Calzetti et al. 2000). The
K-correction is insensitive to the galaxy type and dust atten-
uation up to z=0.12 as seen in Figure 4. Given the distance
limitation of 400Mpc (z∼0.085) for our catalog, we computed
the K-correction at a given distance as the mean value for
the 31 galaxies SED templates with and and without dust
attenuation. At this range of distances, the effect is negligi-
ble, however this will become important for future catalogs
that will need to be deeper to encompass the sensitivity im-
provement of LIGO-Virgo interferometers. We recall that
all stellar masses used in this work were derived within this
work using the same method to ensure homogeneity. Regard-
ing the reliability of our stellar mass estimates, although we
aimed at an homogeneous estimation, (Kettlety et al. 2018)
showed that for low redshift galaxies the stellar mass estima-
tion using a constant mas-to-light ration using the WISE1
luminosity is in good agreement with the one predicted from
a more elaborate SED fitting technique.
3.2 Completeness of the Mangrove catalog
In this section, we aim at quantifying the completeness of
the Mangrove catalog in terms of stellar mass. The stel-
lar mass function is well described by a Schechter func-
tion (Schechter 1976), Φ(M), which parametrises the number
density of galaxies, ngalaxies, as a function of their stellar
mass. In this work, we use the low-redshift galaxy stellar
mass function derived from the Galaxy And Mass Assembly
(Wright et al. 2017), using a double Schechter function in
logarithmic mass space defined as:
ngalaxies = Φ(M) dlogM
= ln(10) e−10logM−logM
∗ [
Φ∗1.
(
10logM−logM∗
)α1+1
+Φ∗2.
(
10logM−logM∗
)α2+1]
dlogM
(7)
where logM∗= 10.78, Φ∗1 = 2.93·10−3 h3.Mpc−3, Φ∗2 =
0.63·10−3 h3.Mpc−3, α1 = -0.62 and α2 = -1.5 (Wright et al.
2017).
Figure 4. K-correction for the 31 galaxy SED templates for the
redshift range 0 to 2 with a zoom-in from 0 to 0.2. The blue
solid lines are for the SED templates without dust attenuation,
red solid lines are with a dust attenuation of E(B −V )=0.5 mag
using the Calzetti law (Calzetti et al. 2000). The green dashed
line is the mean value at a given distance of the K-correction for
all galaxies SED considered in this study. The black dashed line
corresponds to 400Mpc.
Following the approach of (Gehrels et al. 2016; Da´lya et al.
2018) regarding the luminosity function, we divided galaxies
into 12 luminosity distance shells, with a width of 33.3 Mpc.
For each shell, we construct histograms of WISE1 band de-
rived stellar mass and integrate the double Schechter func-
tion for the same stellar mass bins in Figure 6. As the lumi-
nosity distance increases more and more low mass galax-
ies are missing. Regarding the double Schechter function
derived from GAMA, the new catalog is fairly complete
up to 33 Mpc in terms of stellar mass. In this work, we
are interested in the more massive galaxies, so we com-
puted the stellar mass, M1/2, for which half of the stellar
mass density is contributed by galaxies below and above
this value. By computing
∫ 13
logM1/2
logMΦ(M)dlogM = 0.5 ∗∫ 13
7 logMΦ(M)dlogM, we find logM1/2 = 10.674. For all the
luminosity distance shells, the Mangrove catalog distribution
follows the double Schechter function for logM > logM1/2
as seen in Figure 6. Our method is prioritising the more
massive galaxies, consequently the fairly completeness rela-
tive to the double Schechter function for galaxies at logM
> logM1/2 minimises the lack of low mass galaxies as the
distance increases.
4 VALIDATION ON GW170817 EVENT
At the time the event of the 17th august 2017 is the only
gravitational wave event with a detected electromagnetic
counterpart so our new method has to be tested on this
event.
The GW170817 released distance is 40 ± 8 Mpc, the 90%
skymap spans around 30deg2 and as shown in the figure 2 ac-
cording to our criteria (see Section 2 for the definition) there
is 65 compatible galaxies within. The table in Appendix A
MNRAS 000, 1–14 (0000)
6Figure 5. B band luminosity provided by GLADE as a function
of the stellar mass determined with the constant mass to light
ratio using the W1 band. The crossing of the dashed lines shows
the NGC 4993 (host of GW170817) position on this plot.
shows the results for this event on the selection of galax-
ies and their ranking according to the standard approach
(Equation 1), according to Arcavi et al. (2017), according to
our method with product (Equation 3) and according to our
method with addition (Equation 4). NGC 4993 host galaxy
of GW170817 is ranked in 5th position in the standard ap-
proach. The (Arcavi et al. 2017) grade improved its rank
to the 2nd position and is ranked first with our method for
both (Equation 3) and (Equation 4) expressions. These re-
sults show that if we had used our grade to monitor this
event, there would have been a gain in the speed of observa-
tion of the host galaxy. An important thing to see in those
results is that the new grades are behaving like expected i.e.
galaxies with high stellar mass are prioritized compared to
galaxies with small stellar mass (see Appendix A where the
list of galaxies for the four methods are reported with their
grade and stellar mass if used). We also stress that galaxies
with a high 3D probability but without stellar mass informa-
tion also appear in the list (see Appendix A), for instance
galaxy WINGSJ125701.38-172325.2 is ranked in 9th posi-
tion, keeping such host candidate is a real improvement of
the equation 4 compared to equation 3.
GW170817 was quite a lucky event in terms of distance
of the source and good localisation thanks to data avail-
able for the three GW detectors. However, as the three in-
teferometers are not always in operating mode, this is very
common to have a two inteferometers detection resulting
in a poorer localisation (Abbott et al. 2018b). In order to
test our method on a larger skymap, i.e. a two inteferome-
ters event, we choose to use the GW170817 skymap without
Virgo data. The 90% skymap spans ∼ 190deg2, this is a good
example of two GW detectors localisation for which we can
be sure of the counterpart host. According to our criteria
in Section 2, there are 205 galaxies compatible with this
skymap. The table in appendix B shows the resulting rank-
ing for this skymap using the four presented grades. NGC
4993 host galaxy of the event is ranked in 27th position in
the standard approach. The (Arcavi et al. 2017) grade ranks
it at the 6th position and our grade is even more successful
by putting NGC 4993 in the 4th position with both equa-
tions 3 and 4 expressions. Those results shows that the gain
of our method for the follow up of gravitational waves event
is even bigger in the case of wide skymap. This example
of wider skymap allows us to see that sometime the (Arcavi
et al. 2017) grade and our grades behave differently and even
oppositely. For example the galaxy PGC043966 is ranked in
37th position with the standard grade and, when the Ar-
cavi et al. (2017) grade upgrade its rank to the 30th, both
of our grades (equations 3) and (4) downgrade its rank to
the 54th and 49th position respectively. We can also note
that the (Arcavi et al. 2017) grade ranked the NGC 4658
galaxy in first position due to is high B band luminosity
but this galaxy is ranked in position 9 with our final grade
definition. For these two examples the stellar mass estima-
tion is not as high as the B band luminosity might suggest.
Using the B band luminosity in those cases would have led
to observe preferentially less massive galaxies. We illustrate
the difference in the behavior between our grade and the
one from (Arcavi et al. 2017) in Figure 5, where we plot
the stellar mass estimation using WISE1 band as a func-
tion of the B band luminosity for the same galaxies. We see
that for a given B band luminosity there is an important
scatter in stellar mass spanning a few order of magnitudes.
It means that the probability associated to a galaxy with
respect to its stellar mass estimation can behave very dif-
ferently for both methods. For example, for the host galaxy
associated to GW170817, NGC 4993, we derived a stellar
mass of ∼ 2.14 × 1010M but galaxies with similar B band
luminosity (∼ 1010L ) in the catalog span a stellar mass
range from ∼ 3.8×107M to ∼ 1.0×1012M which represents
almost five order of magnitudes. In addition to this differ-
ent behavior, we also illustrate the flexibility of the grade
defined in equation 4 by noting that using the grade defined
in equation 3 would have led not to use ∼ 7% of the galaxies
inside the 400Mpc of Mangrove catalog, and ∼ 5% of the
galaxies when using the B band luminosity as in (Arcavi
et al. 2017).
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Figure 6. Stellar mass histograms for the Mangrove catalog at different luminosity distance shells compared to the double Schechter
function derived from GAMA (Wright et al. 2017) weighted by the volume of each shell. Each panel is divided in 50 bins of logM . The
black dashed line represents the stellar mass, logM1/2 for which half of the stellar mass density is contributed by galaxies at logM >
logM1/2.
MNRAS 000, 1–14 (0000)
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5.1 Utilisation of the galaxies for the tiling
In this section we present a future development to use the
galaxies for wide field of view telescopes. For the optimisa-
tion of wide FoV telescopes (& 1deg2) follow up observations
the standard approach consists in defining tiles over the sky
and ranking them according to a given grade (Coughlin et al.
2018; Ghosh et al. 2016b). A first version of the grade of a
tile you can build is:
Gradetile =
∑
pixel∈tile
P2D,pixel (8)
where we sum up the 2D probability of the pixels P2D,pixel
within the tile. When using a catalog of galaxies one can
define a ”galaxy weighted” grade for the tile using the grade
of the galaxies:
Gradetile =
∑
gal∈tile
Gradegal (9)
where we sum up the grade of the galaxies within the tile.
In this expression any galaxy grade can be used, such as the
expression in equation 4 that will optimise the chance to find
the GW electromagnetic counterpart. The biggest issue of
this approach is the catalog completeness, which makes this
approach valid only below a distance threshold above which
one has to switch back from grade definition of equation 9 to
equation 8 in order to prevent using only galaxy information
at a distance where your catalog is not complete enough.
We present a reformulation of the tile grade using our devel-
opments which allows to use galaxies catalog and a galaxy
weighted grade at any distances. From Section 3.2, we are
able to define the mass completeness of the catalog, Cd1,d2
m1,m2,
between distances d1 and d2 for a stellar mass range between
m1 and m2 comparing to the double Schechter function:
Cd1,d2
m1,m2 =
∫ m2
m1
M∗ fSchecheter (M∗)dM∗
−
∫ m2
m1
M∗histogram(M∗)dM∗
(10)
With this parameter defining the completeness, we can de-
fine the grade of a given tile by:
Ptile =
∑
pixel∈tile

∑
gal∈pixel
Cd1,d2
m1,m2Ptot,gal + (1 − C
d1,d2
m1,m2)P2D,pixel

(11)
where the first sum over all pixels inside the tile, the sec-
ond sum over all galaxies falling in the 2D location of the
pixel, Ptot,gal is the grade of a given galaxy defined in Sec-
tion 2.2, P2D,pixel is the 2D probability of the pixel, d1 and
d2 are chosen as µpixel ∓ σpixel respectively and m1 and
m2 are fixed to 107 and 1013 (stellar mass range validity of
the Schechter function fitted by Wright et al. (2017)). This
expression removes any distance limitation for the use of
galaxies weighted tiles. Note that with this expression we
simply sump up the probability of the galaxies within a tile
when the catalog is complete, whereas we sum up the 2D
probability of all pixels within a tile when the catalog is not
complete.
5.2 Conclusion
The electromagnetic follow-up of gravitational wave events
is very challenging, the poor localisation of the source pro-
vided by LIGO-Virgo forces telescopes around the world to
observe large areas of the sky. As the electromagnetic coun-
terpart is expected to decay rapidly in luminosity, an opti-
misation is required to perform a rapid and efficient follow-
up of the skymap. Recent developments in both catalog of
galaxies and galaxy targeting strategy already optimised sig-
nificantly the follow-up of such event. Our work provides an
efficient tool to upgrade in one hand a catalog of galaxies by
adding the stellar mass information and on the other hand
the galaxy targeting approach with a new expression of the
grade using this stellar mass information to select and rank
the galaxies. We crossmatched the GLADE and AllWISE
catalogs to retrieve the WISE1 band luminosity to determine
the stellar mass of ∼87% of the galaxies inside the GLADE
catalog up to 400Mpc. This catalog is complete in terms of
stellar mass up to ∼33Mpc, and up to 200Mpc if we consider
galaxies contributing to half of the stellar mass density. The
new formulation of the grade presented in this work allows
not only to use the 3D position of galaxies to select them but
also their stellar mass. We tested and validated our grade
on the GW170817 event by showing an improvement on the
ranking of interesting galaxies, i.e. massive galaxies, where
NGC4993 is ranked first. This work plainly encourages fur-
ther developments of the galaxy targeting strategy including
other physical properties of the galaxies, for instance by fo-
cusing low SFR galaxies, but such development are slowed
down by the poor number of information available in the
publicly available galaxy catalogs. The Mangrove catalog
is publicly available at https://mangrove.lal.in2p3.fr1,
and this dedicated website automatically generates the list
of galaxies, ranked by our new grade, compatible for each
BNS event below 400Mpc, and observable from a given loca-
tion on Earth. The improved grade presented in this work is
implemented in the widely used gwemopt2 python package
(Coughlin et al. 2018), developed to optimize the efforts of
electromagnetic follow-up of gravitational wave events.
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APPENDIX A:
Table A1: Ranking of the galaxies compatible with the GW170817 skymap
according to grades defined in equations (1), (3) and (4), and the grade of
(Arcavi et al. 2017).
Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
ESO575-053 1 0.06 8 0.043 6 0.038 6 0.05 8.32e+35 9.675
PGC803966 2 0.059 35 0.003 35 0.001 8 0.033 5.96e+34 7.835
WINGSJ125701.38-172325.2 3 0.059 59 < 0.001 – – 9 0.033 1.52e+33 –
ESO508-014 4 0.047 20 0.013 20 0.003 11 0.027 3.20e+35 8.605
NGC4993 5 0.046 2 0.111 1 0.22 1 0.123 2.79e+36 10.551
PGC797164 6 0.046 18 0.014 17 0.005 10 0.028 3.60e+35 8.864
ESO508-004 7 0.045 14 0.016 26 0.002 12 0.026 4.17e+35 8.416
IC4197 8 0.04 1 0.137 2 0.195 2 0.109 3.96e+36 10.563
ESO508-019 9 0.04 5 0.064 16 0.005 13 0.024 1.87e+36 9.004
2MASS 13104593-2351566 10 0.038 13 0.027 – – 14 0.021 8.14e+35 –
796755 11 0.037 44 0.001 38 < 0.001 15 0.02 3.43e+34 7.9711
NGC4968 12 0.036 4 0.072 – – 16 0.02 2.29e+36 –
6dFJ1309178-242256 13 0.034 33 0.003 36 0.001 17 0.019 1.05e+35 8.075
ESO508-010 14 0.033 11 0.04 7 0.036 7 0.035 1.39e+36 9.914
PGC169663 15 0.031 42 0.001 30 0.001 18 0.018 4.26e+34 8.171
IC4180 16 0.027 6 0.063 5 0.105 4 0.062 2.73e+36 10.466
PGC043966 17 0.024 15 0.016 29 0.001 20 0.014 7.77e+35 8.574
PGC799951 18 0.021 36 0.003 37 < 0.001 22 0.012 1.66e+35 8.247
WINGSJ125701.40-172325.3 19 0.021 – – – – 23 0.011 – –
ESO508-015 20 0.02 19 0.013 42 < 0.001 24 0.011 8.01e+35 7.885
ESO508-024 21 0.019 10 0.04 – – 26 0.011 2.45e+36 –
ESO575-029 22 0.019 9 0.042 15 0.008 19 0.014 2.59e+36 9.49
PGC169670 23 0.017 40 0.002 31 0.001 28 0.01 1.05e+35 8.428
PGC772879 24 0.017 46 0.001 46 < 0.001 29 0.01 5.72e+34 7.862
NGC4970 25 0.017 3 0.081 3 0.139 3 0.071 5.54e+36 10.791
WINGSJ125701.40-172325.3 26 0.015 – – – – 31 0.008 – –
NGC4830 27 0.011 7 0.048 4 0.11 5 0.055 5.16e+36 10.882
PGC043664 28 0.01 16 0.015 14 0.01 27 0.01 1.71e+36 9.874
ESO575-061 29 0.01 37 0.002 43 < 0.001 34 0.006 2.74e+35 8.156
PGC044023 30 0.009 43 0.001 32 0.001 36 0.005 1.41e+35 8.693
PGC044312 31 0.008 39 0.002 23 0.002 37 0.005 2.86e+35 9.321
PGC044500 32 0.007 25 0.007 33 0.001 38 0.004 1.08e+36 8.787
PGC044021 33 0.006 26 0.006 28 0.001 39 0.004 1.16e+36 9.188
ESO508-033 34 0.006 24 0.007 12 0.012 30 0.009 1.29e+36 10.152
WINGSJ125217.42-153054.2 35 0.006 – – 40 < 0.001 40 0.003 – 8.431
ABELL 1644:[D80]141 36 0.005 – – – – 42 0.003 – –
ESO508-011 37 0.005 32 0.003 47 < 0.001 45 0.003 8.54e+35 8.302
PGC044478 38 0.004 29 0.004 45 < 0.001 46 0.002 1.08e+36 8.479
IC3799 39 0.004 12 0.028 11 0.012 33 0.008 8.50e+36 10.37
PGC183552 40 0.004 38 0.002 24 0.002 43 0.003 7.35e+35 9.568
ESO508-003 41 0.003 23 0.007 22 0.002 44 0.003 2.94e+36 9.754
NGC4763 42 0.003 17 0.015 9 0.02 25 0.011 6.15e+36 10.729
PGC044234 43 0.003 27 0.005 25 0.002 47 0.002 2.12e+36 9.679
ESO508-007 44 0.003 49 0.001 53 < 0.001 50 0.001 2.82e+35 7.609
PGC043908 45 0.003 30 0.004 18 0.003 41 0.003 1.68e+36 10.0
ESO575-035 46 0.002 34 0.003 39 < 0.001 51 0.001 1.66e+36 9.018
PGC043424 47 0.002 22 0.008 8 0.027 21 0.013 5.32e+36 11.051
IC3831 48 0.002 28 0.004 13 0.011 35 0.006 3.07e+36 10.698
PGC043505 49 0.002 55 < 0.001 44 < 0.001 53 0.001 1.66e+35 8.964
NGC4756 50 0.001 21 0.009 10 0.016 32 0.008 6.89e+36 10.904
PGC043344 51 0.001 47 0.001 – – 54 0.001 5.20e+35 –
WINGSJ125252.62-152426.5 52 0.001 – – – – 55 0.001 – –
ESO508-020 53 0.001 48 0.001 – – 58 0.001 5.69e+35 –
PGC910856 54 0.001 57 < 0.001 49 < 0.001 56 0.001 1.06e+35 8.75
PGC908166 55 0.001 56 < 0.001 48 < 0.001 57 0.001 1.71e+35 8.763
PGC043823 56 0.001 45 0.001 27 0.001 52 0.001 1.03e+36 9.937
PGC046026 57 0.001 41 0.001 21 0.002 49 0.002 1.72e+36 10.22
NGC4724 58 0.001 31 0.004 19 0.003 48 0.002 4.58e+36 10.365
PGC170205 59 0.001 50 0.001 – – 60 < 0.001 1.01e+36 –
Continued on next page
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Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
PGC043913 60 0.001 51 < 0.001 34 0.001 59 0.001 9.78e+35 9.87
PGC937614 61 < 0.001 53 < 0.001 41 < 0.001 61 < 0.001 1.36e+36 9.79
PGC943386 62 < 0.001 58 < 0.001 51 < 0.001 62 < 0.001 4.77e+35 8.724
ESO575-041 63 < 0.001 54 < 0.001 50 < 0.001 63 < 0.001 1.20e+36 8.879
2MASS 12492243-1321162 64 < 0.001 52 < 0.001 – – 64 < 0.001 2.01e+36 –
PGC942354 65 < 0.001 60 < 0.001 52 < 0.001 65 < 0.001 3.23e+35 8.723
APPENDIX B:
Table B1: Ranking of the galaxies compatible with the GW170817 without
virgo data skymap according to grades defined in equations (1), (3) and (4),
and the grade of (Arcavi et al. 2017).
Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
ESO027-022 1 0.043 26 0.012 55 0.001 11 0.023 2.38e+35 7.958
ESO027-003 2 0.029 7 0.034 42 0.001 15 0.016 9.85e+35 8.461
NGC4348 3 0.028 2 0.058 1 0.145 1 0.083 1.73e+36 10.47
PGC1108616 4 0.027 88 0.001 80 < 0.001 16 0.014 1.81e+34 7.497
PGC3294456 5 0.027 101 < 0.001 92 < 0.001 17 0.014 1.14e+34 7.339
PGC3293647 6 0.025 112 < 0.001 64 < 0.001 19 0.013 7.33e+33 7.795
NGC4680 7 0.024 5 0.047 3 0.076 2 0.048 1.64e+36 10.252
1143004 8 0.024 100 < 0.001 – – 20 0.013 1.41e+34 –
229961 9 0.021 47 0.004 46 0.001 21 0.012 1.54e+35 8.5336
NGC4663 10 0.019 14 0.025 10 0.046 6 0.032 1.13e+36 10.15
2MASS 22302645-7941381 11 0.018 32 0.009 63 < 0.001 24 0.01 4.27e+35 8.07
AGC229174 12 0.017 – – – – 27 0.009 – –
GAMAJ121158.30+012934.6 13 0.016 – – 102 < 0.001 29 0.008 – 7.416
NGC4658 14 0.015 1 0.102 8 0.047 8 0.03 5.59e+36 10.242
PGC069012 15 0.015 21 0.015 35 0.002 26 0.009 8.28e+35 8.885
ESO575-053 16 0.015 22 0.015 17 0.012 18 0.014 8.32e+35 9.675
UGC07184 17 0.015 24 0.014 47 0.001 30 0.008 8.07e+35 8.523
PGC803966 18 0.014 71 0.001 79 < 0.001 32 0.008 5.96e+34 7.835
PGC1183373 19 0.014 115 < 0.001 125 < 0.001 35 0.007 1.01e+34 6.987
WINGSJ125701.38-172325.2 20 0.014 155 < 0.001 – – 36 0.007 1.52e+33 –
PGC797164 21 0.013 40 0.006 41 0.002 33 0.008 3.60e+35 8.864
SDSSJ121210.92+025255.6 22 0.013 108 < 0.001 93 < 0.001 38 0.007 1.64e+34 7.653
PGC1229057 23 0.013 83 0.001 70 < 0.001 39 0.007 4.22e+34 7.981
GAMAJ122005.10+001556.4 24 0.012 – – 86 < 0.001 40 0.007 – 7.715
PGC1066570 25 0.012 117 < 0.001 96 < 0.001 41 0.006 1.02e+34 7.65
ESO508-019 26 0.012 12 0.026 34 0.002 37 0.007 1.87e+36 9.004
NGC4993 27 0.012 6 0.038 4 0.071 4 0.04 2.79e+36 10.551
6dFJ1309178-242256 28 0.012 61 0.001 66 < 0.001 44 0.006 1.05e+35 8.075
ESO508-004 29 0.012 39 0.006 59 0.001 43 0.006 4.17e+35 8.416
ESO508-014 30 0.011 45 0.004 49 0.001 42 0.006 3.20e+35 8.605
PGC1060528 31 0.011 89 0.001 73 < 0.001 46 0.006 4.31e+34 8.025
PGC1193160 32 0.011 116 < 0.001 103 < 0.001 48 0.006 1.25e+34 7.563
IC4197 33 0.011 4 0.051 5 0.069 5 0.038 3.96e+36 10.563
796755 34 0.011 97 < 0.001 78 < 0.001 49 0.006 3.43e+34 7.9616
PGC3294393 35 0.011 119 < 0.001 82 < 0.001 51 0.006 1.16e+34 7.885
NGC4968 36 0.011 11 0.029 – – 52 0.006 2.29e+36 –
PGC043966 37 0.01 30 0.01 54 0.001 47 0.006 7.77e+35 8.574
ESO027-001 38 0.01 3 0.056 2 0.084 3 0.045 4.61e+36 10.671
2MASS 00244271-7345157 39 0.01 27 0.011 38 0.002 45 0.006 9.43e+35 9.019
AGC229200 40 0.01 – – – – 54 0.005 – –
ESO027-008 41 0.01 8 0.033 6 0.054 7 0.031 2.85e+36 10.51
3091844 42 0.01 103 < 0.001 89 < 0.001 55 0.005 2.95e+34 7.7983
2MASS 13104593-2351566 43 0.009 31 0.009 – – 56 0.005 8.14e+35 –
PGC3294258 44 0.009 129 < 0.001 123 < 0.001 57 0.005 8.62e+33 7.201
SDSSJ120404.33+044847.2 45 0.009 102 < 0.001 90 < 0.001 61 0.005 3.39e+34 7.834
PGC169663 46 0.009 98 < 0.001 69 < 0.001 60 0.005 4.26e+34 8.171
PGC1166504 47 0.009 113 < 0.001 99 < 0.001 62 0.005 2.05e+34 7.713
PGC772879 48 0.009 87 0.001 88 < 0.001 63 0.005 5.72e+34 7.862
UGC07185 49 0.009 79 0.001 114 < 0.001 64 0.005 7.50e+34 7.457
Continued on next page
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Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
ESO508-010 50 0.008 25 0.014 18 0.012 23 0.01 1.39e+36 9.914
ESO508-015 51 0.008 35 0.007 91 < 0.001 67 0.004 8.01e+35 7.885
IC4180 52 0.008 15 0.024 12 0.038 12 0.022 2.73e+36 10.466
NGC4123 53 0.008 16 0.02 19 0.01 28 0.009 2.18e+36 9.889
PGC3294218 54 0.007 136 < 0.001 116 < 0.001 70 0.004 9.35e+33 7.516
NGC4179 55 0.007 23 0.015 13 0.028 14 0.017 1.86e+36 10.377
PGC044021 56 0.006 33 0.009 40 0.002 66 0.004 1.16e+36 9.188
ESO027-021 57 0.006 28 0.01 20 0.01 31 0.008 1.41e+36 9.947
SDSSJ120736.32+024143.3 58 0.006 – – 61 < 0.001 72 0.003 – 8.612
PGC1233241 59 0.006 154 < 0.001 130 < 0.001 74 0.003 3.92e+33 7.074
PGC799951 60 0.006 69 0.001 76 < 0.001 73 0.003 1.66e+35 8.247
PGC039902 61 0.005 52 0.003 81 < 0.001 75 0.003 4.15e+35 8.183
PGC037954 62 0.005 84 0.001 97 < 0.001 76 0.003 9.74e+34 7.971
ESO508-024 63 0.005 20 0.015 – – 77 0.003 2.45e+36 –
PGC043664 64 0.005 29 0.01 25 0.007 50 0.006 1.71e+36 9.874
ESO575-029 65 0.005 19 0.015 32 0.003 68 0.004 2.59e+36 9.49
NGC5967 66 0.005 13 0.026 9 0.047 10 0.024 4.44e+36 10.739
J210518.19-824531.7 67 0.005 – – 144 < 0.001 79 0.003 – 6.727
NGC4970 68 0.005 9 0.032 7 0.052 9 0.027 5.54e+36 10.791
UGC07332 69 0.005 68 0.001 134 < 0.001 80 0.003 2.12e+35 7.079
PGC2801913 70 0.005 – – 27 0.005 59 0.005 – 9.819
NGC4116 71 0.005 38 0.006 33 0.002 71 0.003 1.14e+36 9.452
PGC169670 72 0.004 91 0.001 72 < 0.001 81 0.002 1.05e+35 8.428
SDSSJ121518.94+025538.2 73 0.004 145 < 0.001 129 < 0.001 82 0.002 7.72e+33 7.246
UGC07178 74 0.004 72 0.001 132 < 0.001 83 0.002 1.95e+35 7.171
WINGSJ125701.40-172325.3 75 0.004 – – – – 85 0.002 – –
NGC5967A 76 0.004 36 0.007 – – 86 0.002 1.44e+36 –
UGC07396 77 0.004 42 0.005 67 < 0.001 84 0.002 1.11e+36 8.532
2MASS 15465869-7547149 78 0.004 49 0.003 – – 87 0.002 6.51e+35 –
3293713 79 0.003 152 < 0.001 126 < 0.001 90 0.002 7.70e+33 7.506
ESO508-033 80 0.003 44 0.005 23 0.008 53 0.005 1.29e+36 10.152
IC3799 81 0.003 10 0.031 16 0.013 34 0.008 8.50e+36 10.37
3294175 82 0.003 164 < 0.001 153 < 0.001 93 0.002 2.11e+33 6.679
NGC4830 83 0.003 17 0.018 11 0.04 13 0.02 5.16e+36 10.882
GAMAJ121759.98+002558.1 84 0.003 – – 154 < 0.001 94 0.002 – 6.522
WINGSJ125701.40-172325.3 85 0.003 – – – – 95 0.002 – –
PGC135791 86 0.003 123 < 0.001 142 < 0.001 98 0.001 3.90e+34 7.022
WINGSJ125217.42-153054.2 87 0.003 – – 84 < 0.001 96 0.002 – 8.431
PGC043344 88 0.003 57 0.002 – – 99 0.001 5.20e+35 –
PGC3271002 89 0.003 167 < 0.001 150 < 0.001 100 0.001 1.77e+33 6.814
ESO042-007 90 0.003 34 0.008 – – 101 0.001 2.64e+36 –
SDSSJ114850.14+102655.9 91 0.003 – – 101 < 0.001 103 0.001 – 8.229
NGC3976 92 0.002 18 0.018 15 0.018 25 0.01 5.96e+36 10.613
PGC037301 93 0.002 106 < 0.001 83 < 0.001 104 0.001 9.44e+34 8.488
ESO575-061 94 0.002 77 0.001 107 < 0.001 105 0.001 2.74e+35 8.156
PGC044023 95 0.002 99 < 0.001 71 < 0.001 102 0.001 1.41e+35 8.693
PGC3122921 96 0.002 165 < 0.001 152 < 0.001 107 0.001 2.58e+33 6.807
ESO508-035 97 0.002 105 < 0.001 117 < 0.001 108 0.001 1.01e+35 7.917
GAMAJ121732.70+002646.3 98 0.002 – – 109 < 0.001 109 0.001 – 8.13
ESO068-002 99 0.002 67 0.001 105 < 0.001 110 0.001 4.94e+35 8.221
PGC044312 100 0.002 80 0.001 51 0.001 97 0.001 2.86e+35 9.321
PGC1070576 101 0.002 94 < 0.001 108 < 0.001 112 0.001 2.11e+35 8.248
6dFJ1258120-210246 102 0.002 95 < 0.001 95 < 0.001 114 0.001 2.18e+35 8.462
PGC044500 103 0.002 53 0.002 74 < 0.001 113 0.001 1.08e+36 8.787
SDSSJ115551.83+064354.9 104 0.002 135 < 0.001 122 < 0.001 118 0.001 3.90e+34 7.949
ESO508-007 105 0.002 92 0.001 131 < 0.001 120 0.001 2.82e+35 7.609
AGC215716 106 0.002 137 < 0.001 128 < 0.001 121 0.001 3.72e+34 7.743
PGC039799 107 0.002 118 < 0.001 151 < 0.001 123 0.001 7.89e+34 7.024
ABELL 1644:[D80]141 108 0.002 – – – – 124 0.001 – –
PGC037490 109 0.002 104 < 0.001 100 < 0.001 122 0.001 1.79e+35 8.473
HIPASSJ1255-15 110 0.001 – – – – 127 0.001 – –
ESO508-011 111 0.001 63 0.001 110 < 0.001 126 0.001 8.54e+35 8.302
PGC044478 112 0.001 59 0.002 106 < 0.001 129 0.001 1.08e+36 8.479
PGC183552 113 0.001 73 0.001 52 0.001 117 0.001 7.35e+35 9.568
PGC170205 114 0.001 65 0.001 – – 132 0.001 1.01e+36 –
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Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
IC3831 115 0.001 46 0.004 21 0.009 58 0.005 3.07e+36 10.698
PGC043424 116 0.001 37 0.007 14 0.02 22 0.01 5.32e+36 11.051
PGC1031551 117 0.001 163 < 0.001 159 < 0.001 134 < 0.001 7.36e+33 6.862
PGC3294523 118 0.001 172 < 0.001 164 < 0.001 136 < 0.001 1.86e+33 6.498
ESO508-003 119 0.001 51 0.003 50 0.001 125 0.001 2.94e+36 9.754
PGC720745 120 0.001 153 < 0.001 140 < 0.001 138 < 0.001 3.11e+34 7.62
IC0874 121 0.001 75 0.001 43 0.001 111 0.001 8.89e+35 10.016
PGC758254 122 0.001 156 < 0.001 146 < 0.001 139 < 0.001 2.69e+34 7.49
NGC4763 123 0.001 41 0.006 24 0.007 69 0.004 6.15e+36 10.729
PGC043908 124 0.001 60 0.001 45 0.001 116 0.001 1.68e+36 10.0
PGC3293619 125 0.001 180 < 0.001 162 < 0.001 141 < 0.001 6.67e+32 6.631
PGC046026 126 0.001 64 0.001 36 0.002 106 0.001 1.72e+36 10.22
NGC4724 127 0.001 48 0.004 31 0.003 92 0.002 4.58e+36 10.365
PGC685308 128 0.001 130 < 0.001 104 < 0.001 142 < 0.001 1.21e+35 8.765
PGC044234 129 0.001 58 0.002 57 0.001 131 0.001 2.12e+36 9.679
PGC091191 130 0.001 168 < 0.001 163 < 0.001 145 < 0.001 5.86e+33 6.666
NGC4756 131 0.001 43 0.005 22 0.008 65 0.004 6.89e+36 10.904
WINGSJ125252.62-152426.5 132 0.001 – – – – 148 < 0.001 – –
PGC3291384 133 0.001 179 < 0.001 170 < 0.001 149 < 0.001 8.83e+32 6.295
135794 134 0.001 174 < 0.001 166 < 0.001 150 < 0.001 2.31e+33 6.473
2MASXJ13242754-3025548 135 0.001 128 < 0.001 – – 151 < 0.001 1.50e+35 –
PGC043505 136 0.001 125 < 0.001 98 < 0.001 147 < 0.001 1.66e+35 8.964
ESO575-035 137 0.001 70 0.001 94 < 0.001 146 < 0.001 1.66e+36 9.018
PGC043823 138 0.001 81 0.001 48 0.001 130 0.001 1.03e+36 9.937
NGC4504 139 0.001 86 0.001 68 < 0.001 140 < 0.001 9.58e+35 9.402
PGC3294233 140 0.001 178 < 0.001 – – 152 < 0.001 9.60e+32 –
2MASXJ12490814-1124354 141 0.001 131 < 0.001 – – 154 < 0.001 1.50e+35 –
PGC104686 142 0.001 148 < 0.001 – – 155 < 0.001 5.98e+34 –
NGC5114 143 0.001 50 0.003 26 0.005 78 0.003 4.65e+36 10.774
ESO508-036 144 < 0.001 146 < 0.001 138 < 0.001 156 < 0.001 6.54e+34 7.924
PGC910856 145 < 0.001 139 < 0.001 111 < 0.001 153 < 0.001 1.06e+35 8.75
PGC041725 146 < 0.001 133 < 0.001 157 < 0.001 158 < 0.001 1.60e+35 7.166
NGC4487 147 < 0.001 85 0.001 65 < 0.001 144 < 0.001 1.14e+36 9.493
PGC908166 148 < 0.001 134 < 0.001 113 < 0.001 159 < 0.001 1.71e+35 8.763
PGC043913 149 < 0.001 96 < 0.001 58 0.001 135 < 0.001 9.78e+35 9.87
PGC3097711 150 < 0.001 181 < 0.001 173 < 0.001 161 < 0.001 1.14e+33 6.106
PGC141593 151 < 0.001 126 < 0.001 112 < 0.001 160 < 0.001 2.23e+35 8.8
PGC3097710 152 < 0.001 182 < 0.001 – – 164 < 0.001 1.14e+33 –
PGC705472 153 < 0.001 144 < 0.001 156 < 0.001 163 < 0.001 9.78e+34 7.363
PGC937614 154 < 0.001 90 0.001 62 < 0.001 143 < 0.001 1.36e+36 9.79
ESO508-020 155 < 0.001 110 < 0.001 – – 165 < 0.001 5.69e+35 –
NGC5061 156 < 0.001 54 0.002 29 0.004 89 0.002 4.95e+36 10.805
PGC135798 157 < 0.001 171 < 0.001 167 < 0.001 168 < 0.001 4.70e+33 6.665
PGC042120 158 < 0.001 173 < 0.001 169 < 0.001 169 < 0.001 3.98e+33 6.529
ESO444-026 159 < 0.001 56 0.002 – – 170 < 0.001 4.64e+36 –
J132249.66-300651.8 160 < 0.001 – – 119 < 0.001 166 < 0.001 – 8.706
PGC943386 161 < 0.001 114 < 0.001 118 < 0.001 167 < 0.001 4.77e+35 8.724
PGC3097712 162 < 0.001 177 < 0.001 174 < 0.001 172 < 0.001 1.80e+33 6.13
PGC3294387 163 < 0.001 184 < 0.001 172 < 0.001 171 < 0.001 4.59e+32 6.383
PGC3268622 164 < 0.001 183 < 0.001 160 < 0.001 173 < 0.001 5.02e+32 7.236
PGC3097709 165 < 0.001 176 < 0.001 171 < 0.001 174 < 0.001 2.38e+33 6.406
PGC046803 166 < 0.001 93 < 0.001 53 0.001 133 < 0.001 1.43e+36 10.154
PGC104868 167 < 0.001 158 < 0.001 148 < 0.001 175 < 0.001 4.53e+34 7.848
ESO444-021 168 < 0.001 66 0.001 87 < 0.001 162 < 0.001 4.08e+36 9.381
WINGSJ132507.84-315046.2 169 < 0.001 – – – – 177 < 0.001 – –
NGC5078 170 < 0.001 55 0.002 28 0.004 88 0.002 6.52e+36 10.978
ESO444-011 171 < 0.001 111 < 0.001 120 < 0.001 176 < 0.001 7.74e+35 8.824
ESO508-039 172 < 0.001 151 < 0.001 158 < 0.001 179 < 0.001 1.09e+35 7.434
NGC4748 173 < 0.001 82 0.001 37 0.002 115 0.001 2.32e+36 10.672
J132044.59-302043.7 174 < 0.001 – – – – 181 < 0.001 – –
ESO444-012 175 < 0.001 78 0.001 56 0.001 137 < 0.001 3.17e+36 10.26
PGC141595 176 < 0.001 141 < 0.001 121 < 0.001 180 < 0.001 2.06e+35 8.881
PGC850539 177 < 0.001 122 < 0.001 127 < 0.001 183 < 0.001 5.31e+35 8.668
PGC740755 178 < 0.001 132 < 0.001 – – 184 < 0.001 3.76e+35 –
ESO444-002 179 < 0.001 157 < 0.001 161 < 0.001 186 < 0.001 1.03e+35 7.375
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Galaxy name
(1) (Arcavi et al. 2017) (3) (4)
BLum (L) Stellar mass (M)Rank Ploc Rank Gtot Rank Gtot Rank Gtot
PGC763675 180 < 0.001 159 < 0.001 155 < 0.001 187 < 0.001 6.22e+34 7.643
NGC5124 181 < 0.001 62 0.001 30 0.003 91 0.002 6.38e+36 11.025
ESO444-033 182 < 0.001 140 < 0.001 147 < 0.001 188 < 0.001 2.69e+35 8.095
WINGSJ132507.84-315046.2 183 < 0.001 – – – – 189 < 0.001 – –
WINGSJ132507.85-315046.2 184 < 0.001 175 < 0.001 – – 190 < 0.001 6.71e+33 –
PGC141602 185 < 0.001 138 < 0.001 143 < 0.001 191 < 0.001 3.89e+35 8.239
NGC5048 186 < 0.001 74 0.001 44 0.001 128 0.001 5.21e+36 10.713
PGC732248 187 < 0.001 143 < 0.001 139 < 0.001 192 < 0.001 2.49e+35 8.403
SDSSJ120133.99+042759.3 188 < 0.001 160 < 0.001 137 < 0.001 194 < 0.001 7.38e+34 8.456
NGC5051 189 < 0.001 76 0.001 39 0.002 119 0.001 4.78e+36 10.85
PGC046903 190 < 0.001 150 < 0.001 – – 195 < 0.001 1.95e+35 –
IC0879 191 < 0.001 147 < 0.001 115 < 0.001 193 < 0.001 2.54e+35 9.272
PGC141596 192 < 0.001 121 < 0.001 85 < 0.001 182 < 0.001 9.42e+35 9.764
PGC722221 193 < 0.001 170 < 0.001 168 < 0.001 198 < 0.001 2.70e+34 7.113
PGC117211 194 < 0.001 162 < 0.001 136 < 0.001 197 < 0.001 8.52e+34 8.687
ESO444-015 195 < 0.001 107 < 0.001 75 < 0.001 178 < 0.001 2.42e+36 10.053
HIPASSJ1457-67 196 < 0.001 – – 133 < 0.001 196 < 0.001 – 8.823
PGC042964 197 < 0.001 166 < 0.001 165 < 0.001 199 < 0.001 6.01e+34 7.317
ESO575-041 198 < 0.001 127 < 0.001 135 < 0.001 200 < 0.001 1.20e+36 8.879
PGC939548 199 < 0.001 149 < 0.001 141 < 0.001 201 < 0.001 4.06e+35 8.62
PGC1295846 200 < 0.001 161 < 0.001 145 < 0.001 203 < 0.001 1.76e+35 8.642
PGC2793691 201 < 0.001 142 < 0.001 – – 204 < 0.001 7.10e+35 –
ESO443-086 202 < 0.001 124 < 0.001 124 < 0.001 202 < 0.001 1.88e+36 9.436
PGC043964 203 < 0.001 120 < 0.001 77 < 0.001 185 < 0.001 2.56e+36 10.361
NGC5126 204 < 0.001 109 < 0.001 60 < 0.001 157 < 0.001 4.67e+36 10.816
PGC104887 205 < 0.001 169 < 0.001 149 < 0.001 205 < 0.001 8.69e+34 8.616
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